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Lqyhvwphqw lq Hgxfdwlrq= Gr Hfrqrplf
Yrodwlolw| dqg Fuhglw Frqvwudlqwv PdwwhuB





￿ Zh wkdqn Qdqf| Elugvdoo/ Pdufhor Hvwhydr/ Ulfdugr Kdxvpdqq/ Vdxo Odfk/ Eloo Vdyhgr/
dqg wzr dqrq|prxv uhihuhhv iru khosixo frpphqwv1 Wkh ylhzv h{suhvvhg lq wklv sdshu gr qrw
qhfhvvdulo| uhsuhvhqw wkrvh ri wkh Lqwhu0Dphulfdq Ghyhorsphqw Edqn141 Lqwurgxfwlrq
Wklv sdshu vwxglhv wkh hpslulfdo olqn ehwzhhq lqfrph yrodwlolw| dqg wkh dffxpxod0
wlrq ri kxpdq fdslwdo lq wkh suhvhqfh ri fuhglw frqvwudlqwv dqg lqfrph lqhtxdolw|1
Zh dovr dqdo|}h wkh uroh sod|hg e| sxeolf lqyhvwphqw lq hgxfdwlrq lq wklv frqwh{w1
Uhfhqw hpslulfdo vwxglhv +Udph| dqg Udph|/ bbD> Dl}hqpdq dqg Pdulrq/
bb, irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq hfrqrplf yrodwlolw| dqg jurzwk1 Udph|
dqg Udph| +bbD, dovr qrwhg wkh dssduhqw devhqfh ri d uroh iru wkh lqyhvwphqw
vkduh +lq sk|vlfdo fdslwdo, lq wkh uhodwlrqvkls ehwzhhq yrodwlolw| dqg jurzwk> iurp
zklfk wkh| frqfoxghg wkdw wkh frvw ri yrodwlolw| fdq eh wudfhg wr xqfhuwdlqw|0
lqgxfhg sodqqlqj huuruv e| upv1 Dl}hqpdq dqg Pdulrq +bb, irxqg wkdw wkhuh
lv d qhjdwlyh uhodwlrqvkls ehwzhhq lqyhvwphqw dqg xqfhuwdlqw|1 Krzhyhu/ qhlwkhu
ri wkhvh sdshuv h{soruhv wkh olqn ehwzhhq lqfrph yrodwlolw| dqg kxpdq fdslwdo df0
fxpxodwlrq/ hyhq wkrxjk lqyhvwphqw lq kxpdq fdslwdo kdv ehhq zlgho| uhfrjql}hg
lq wkhruhwlfdo dqg hpslulfdo uhvhdufk dv dq lpsruwdqw ghwhuplqdqw ri hfrqrplf
jurzwk +Oxfdv/ bHH>U r p h u /bbf> Eduur/ bb,1 Wkh hhfw ri yrodwlolw| rq wkh
irupdwlrq ri kxpdq fdslwdo/ dqg wkh lpsruwdqfh ri kxpdq fdslwdo lq ghwhuplqlqj
jurzwk lq wkh orqj uxq/ vxjjhvw wkdw wkh qhjdwlyh uhodwlrqvkls ehwzhhq yrodwlolw|
5dqg jurzwk frxog zrun wkurxjk wkh hhfw ri yrodwlolw| rq kxpdq fdslwdo dffxpx0
odwlrq1 Wklv uhdvrqlqj prwlydwhv wkh sdshu1
Rxu hylghqfh/ gudzq irup furvv0frxqwu| lv wkdw dyhudjh vhfrqgdu| hquroophqw
lq wkh shulrg b.f b.2 lv qhjdwlyho| dhfwhg e|= wkh odfn ri qdqfldo pdunhwv/
lqfrph ru hpsor|phqw yrodwlolw|/ dqg lqfrph lqhtxdolw|1 Zh whvw wkh urexvwqhvv ri
rxu uhvxowv wr= glhuhqw vshflfdwlrqv ri yrodwlolw|/ wkh lqfoxvlrq ri sxeolf h{shq0
glwxuh lq hgxfdwlrq/ dqg glhuhqw vhwv ri uhjuhvvruv1 Zh fkhfn rxu uhvxowv dovr iru
frxqwu|0vshflf hhfwv e| xvlqj sdqho uhjuhvvlrqv1 Ilqdoo|/ zh xvh rxu hvwlpdwhv
wr hydoxdwh wkh hhfwv ri odfn ri qdqfldo pdunhwv/ lqfrph lqhtxdolw|/ dqg lqfrph
yrodwlolw| rq vhfrqgdu| hgxfdwlrq lq Odwlq Dphulfd1 Wkhvh wkuhh idfwruv h{sodlq
doprvw kdoi ri wkh hgxfdwlrqdo jds ri Odwlq Dphulfd ylv0d0ylv wkh lqgxvwuldol}hg
frxqwulhv1
Wkh hhfwv ri xqfhuwdlqw| rq lqyhvwphqw lq sk|vlfdo fdslwdo kdyh ehhq vwxglhg
iru d orqj wlph +iru d uhfhqw ryhuylhz/ vhh Gl{lw dqg Slqg|fn/ bbe,1 Krzhyhu/
h{whqglqj wklv w|sh ri dqdo|vlv wr lqyhvwphqw lq kxpdq fdslwdo lv qrw wulyldo1
Kxpdq fdslwdo kdv vhyhudo surshuwlhv wkdw pdnh lw glhuhqw iurp lqyhvwphqw lq
sk|vlfdo fdslwdo= lqyhvwphqw lq kxpdq fdslwdo lv luuhyhuvleoh lq wkh vhqvh wkdw lw
fdqqrw eh vrog> kxpdq fdslwdo fdqqrw vhuyh dv froodwhudo ehfdxvh lw lv qrw srvvleoh
wr h{sursuldwh> lqyhvwphqw lq kxpdq fdslwdo lpsolhv prudo kd}dug ehfdxvh wkh
6hruw wkdw dq lqglylgxdo sxwv lqwr vwxg|lqj lv gl!fxow wr revhuyh e| d wklug sduw|>
dqg lqyhvwphqw lq hgxfdwlrq kdv uhwxuqv ryhu wkh orqj whup14
Doo wkhvh surshuwlhv pdnh lw gl!fxow wkh ghyhorsphqw ri pdunhwv zkhuh uh0
vrxufhv duh prelol}hg wr qdqfh hgxfdwlrq= lpshuihfw lqirupdwlrq udlvhv wkh frvwv
ri prqlwrulqj/ wkh lpsrvvlelolw| ri xvlqj kxpdq fdslwdo dv froodwhudo pdnhv ohqghuv
pruh fdxwlrxv/ wkh luuhyhuvlelolw| ri lqyhvwphqw lv kxpdq fdslwdo pdnhv lqyhvwruv
pruh fdxwlrxv/ dqg wkh idfw wkdw uhwxuqv duh vsuhdg ryhu wkh orqj uxq pdnhv doo
ri wkhvh sureohpv pruh vhyhuh1
Wkh devhqfh ri uhvrxufhv wr qdqfh hgxfdwlrq kdv sduwlfxoduo| dgyhuvh hhfwv
rq wkh dffxpxodwlrq ri kxpdq fdslwdo zkhq lqfrph ru zhdowk duh xqhtxdoo| glv0
wulexwhg ru yrodwloh15 Ixuwkhupruh/ wkh dgyhuvh hhfwv zloo eh orqj odvwlqj/ ehfdxvh
lqyhvwphqw lq kxpdq fdslwdo jhqhudoo| wdnhv sodfh dw d fulwlfdo djh/ dqg lw fdqqrw
eh srvwsrqhg1 Qrwh wkdw lq wkh fdvh ri sk|vlfdo fdslwdo wkhuh lv dq rswlrq ydoxh
wr zdlwlqj1 Lq wkh fdvh ri hgxfdwlrq/ wkh rswlrq wr zdlw lv pxfk orzhu> pruhryhu/
lw lv srvvleoh wr lqyhvw wzlfh lq sk|vlfdo fdslwdo gxulqj jrrg wlphv zkloh lw lv qrw
srvvleoh wr lqyhvw wzlfh lq hgxfdwlrq16
4Ohykdul dqg Zhlvv +4<:7, lqwurgxfhg xqfhuwdlqw| lqwr wkh dqdo|vlv ri wkh irupdwlrq ri kxpdq
fdslwdo dqg frqfoxghg wkdw lwv hhfw lv dpeljxrv1
5Orxu| +4<;4, dqg Jdoru dqg ]hlud +4<<6, suhvhqw d prgho lq zklfk xqhtxdo glvwulexwlrq ri
zhdowk +ru lqfrph, ohdgv wr orzhu dffxpxodwlrq ri kxpdq fdslwdo1
6D pruh h{whqvlyh wkhruhwlfdo glvfxvvlrq ri wkh fkdqqhov wkurxjk zklfk yrodwlolw| pd| dhfw
wkh ghflvlrq wr dtxluh hgxfdwlrq fdq eh irxqg lq dq h{sdqghg yhuvlrq ri wklv sdshu Ioxj
7Wkh vlpsoh furvv0frxqwu| uhodwlrqvkls ehwzhhq vfkrro hquroophqw dqg yrodwlolw|
+vwdqgdug ghyldwlrq ri wkh jurzwk udwhv ri hpsor|phqw dqg ri uhdo lqfrph shu
fdslwd,/ dv zhoo dv wkh uhodwlrqvkls ehwzhhq {hg fdslwdo irupdwlrq +dv vkduh ri
JGS, dqg yrodwlolw|/ duh vkrzq lq Iljxuh 17 Dv lv fohdu iurp wklv jxuh/ lqfrph
yrodwlolw| kdv d vwurqjhu fruuhodwlrq zlwk lqyhvwphqw lq kxpdq fdslwdo wkdq zlwk
lqyhvwphqw lq sk|vlfdo fdslwdo1
Dowkrxjk/ doo wkh dujxphqwv phqwlrqhg deryh vxjjhvw wkdw yrodwlolw| kdv d
qhjdwlyh hhfw rq wkh sulydwh lqfhqwlyh wr lqyhvw lq hgxfdwlrq/ wkhuh duh dw ohdvw
wzr uhdvrqv wkdw frxog plwljdwh wkh qhjdwlyh hhfwv= wkh uroh ri hgxfdwlrq dv
lqvxudqfh/ dqg wkh uroh ri rssruwxqlw| frvw1
Iluvw/ lqglylgxdov frxog vhh lqyhvwphqw lq hgxfdwlrq dv dq lqvxudqfh ehfdxvh wkh
hgxfdwhg fdq dsso| wr d eurdghu udqjh ri mrev wkdq xqhgxfdwhg1 Wkh pdjqlwxgh
ri wkh lqvxudqfh hhfw ghshqgv rq krz wkh lqglylgxdov shufhlyh xqfhuwdlqw| derxw
wkh ixwxuh dqg rq wkh fuhglw frqvwudlqwv1 Wkh hylghqfh rq wkh lqvxudqfh hhfw
lv pl{hg1 Rq wkh rqh kdqg/ Ehkupdq dqg Elugvdoo +bH, irxqg wkdw lq Eud}lo
wkh lqfrphv ri wkh hgxfdwhg zhuh ohvv dhfwhg lq grzqwxuqv1 Vlploduo|/ wkh Zruog
Ghyhorsphqw Uhsruw +bbf uhsruwv wkdw lq yhu| orz lqfrph frxqwulhv/ wkh lqfrphv
Vslolpehujr dqg Zdfkwhqkhlp +4<<9,1
7Wkh ruljlqdo gdwd rq hpsor|phqw frph iurp wkh LOR vwdwlvwlfdo |hduerrn> wkh ruljlqdo vrxufh
ri wkh uhpdlqlqj yduldeohv lv wkh Zruog Edqn*v Zruog Wdeohv1
8ri wkh xqhgxfdwhg pd| gurs vkduso| gxulqj uhfhvvlrqv gxh wr wkh yhu| olplwhg
vrfldo vdihw| qhw/ hvshfldoo| gxulqj uhfhvvlrqv1 Rq wkh rwkhu kdqg/ Jurrw dqg
Rrvwhuehhn +bb2, irxqg lq d furvv vhfwlrq vwxg|/ wkdw lq wkh Qhwkhuodqgv wkh
vwdqgdug ghyldwlrq ri hduqlqjv lqfuhdvhg zlwk wkh hgxfdwlrq ohyho/ zkloh lq wkh
Xqlwhg Vwdwhv wkh uhodwlrqvkls zdv ohvv xqlirup1 Wkxv/ iurp wkh hpslulfdo hylghqfh
lw lv xqfohdu zkhwkhu dftxlulqj hgxfdwlrq lv dq hhfwlyh lqvxudqfh vwudwhj| djdlqvw
yrodwloh lqfrphv1
Vhfrqg/ yrodwlolw| fdq lq xhqfh wkh ghflvlrq rq zkhwkhu wr jhw dq hgxfdwlrq/ e|
gluhfwo| dhfwlqj wkh rssruwxqlw| frvwv1 Dq xswxuq lv dvvrfldwhg zlwk dq lqfuhdvh
lq wkh rssruwxqlw| frvw ri rewdlqlqj dq hgxfdwlrq/ zkloh d grzqwxuq uhgxfhv lw/
fdxvlqj dq lqfuhdvh lq wkh dprxqw ri vfkrrolqj +Dqghuvrq hw do1/ bbD,1 Wklv
zrxog lpso| dq hhfw ri yrodwlolw| rq wkh dprxqw ri lqyhvwphqw lq kxpdq fdslwdo
wr wkh h{whqw wkdw wkh hhfwv lq wkh xswxuq dqg grzqwxuq duh dv|pphwulf1 Wklv
uhdvrqlqj lv pruh uhohydqw iru kljkhu0lqfrph frxqwulhv +vhh Slvvdulghv +bH2 iru
d wlph0vhulhv dqdo|vlv,1
Wkh srvvleoh vkruwdjh ri sulydwh uhvrxufhv wr qdqfh hgxfdwlrq lq frqwh{w ri
xqhtxdo glvwulexwlrq ri lqfrph dqg2ru yrodwloh hqylurqphqw pdnhv wkh uroh ri sxe0
olf qdqflqj sduwlfxoduo| lpsruwdqw1 Wkxv/ zh lqfrusrudwh lqwr wkh dqdo|vlv wkh
hhfwv ri yrodwlolw| rq sxeolf h{shqglwxuh rq hgxfdwlrq/ dqg/ lq wxuq/ wkh hhfwv ri
9sxeolf lqyhvwphqw rq wkh ryhudoo lqyhvwphqw lq hgxfdwlrq1 Iurp d ghpdqg shuvshf0
wlyh/ d pruh yrodwloh hqylurqphqw lpsolhv wkdw wkh qhhg iru jryhuqphqw qdqflqj
ri hgxfdwlrq lv pruh vhyhuh1 Iurp d vxsso| shuvshfwlyh/ yrodwlolw| frxog ghfuhdvh
wkh uhvrxufhv dydlodeoh iru sxeolf h{shqglwxuh rq hgxfdwlrq ehfdxvh d pruh yrodwloh
hfrqrp| phdqv wkdw wkh wd{ fdsdflw| lv pruh olplwhg dqg lqfrph shu fdslwd lv
orzhu +Udph| dqg Udph|/ 4<<8,1 Rq wkh rwkhu kdqg/ d pruh yrodwloh hfrqrp|
frxog fdxvh wkh h{sdqvlrq ri wkh vwdwh> wklv hhfw uhvxowv iurp dq dv|pphwulf
dgmxvwphqw ri wkh jryhuqphqw wr vkrfnv dqg d frxqwhuf|folfdo sxeolf h{shqglwxuh
srolf|= gxulqj d grzqwxuq sxeolf h{shqglwxuh h{sdqgv exw lw grhv qrw frqwudfw
gxulqj dq xswxuq1 Lq vxp/ yrodwlolw| kdv dq dpeljxrxv hhfw rq wkh vl}h ri wkh
sxeolf hgxfdwlrq vhfwru dqg wkxv wkh uhodwlrqvkls ehwzhhq wkh wzr lv dq hpslulfdo
txhvwlrq1
Vrph pdfurhfrqrplf ghwhuplqdqwv ri lqyhvwphqw lq kxpdq fdslwdo/ dqg lq
sduwlfxodu/ wkh hhfw ri wkh lpshuihfwlrqv ri wkh fdslwdo pdunhw rq wkh ghflvlrq
wr lqyhvw lq hgxfdwlrq kdv ehhq wkh vxemhfw ri wkhruhwlfdo uhvhdufk jrlqj edfn wr
Ehfnhu +bSe,1 Krzhyhu/ hpslulfdo uhvhdufk rq wkh hhfwv ri wkhvh pdfurhfrqrplf
yduldeohv lv uhodwlyho| vfdufh> Gh Juhjrulr +bbD, qgv d qhjdwlyh hhfw ri fuhglw
frqvwudlqwv rq vfkrro hquroophqw> Elugvdoo/ Urvv/ dqg Vderw +bbDd,/ xvlqj d furvv0
frxqwu| uhjuhvvlrq dqdo|vlv/ ghvfuleh d ihhgedfn hhfw lq zklfk hgxfdwlrq orzhuv
:lqhtxdolw|/ zklfk lq wxuq vwlpxodwhv lqyhvwphqw lq hgxfdwlrq18
51 Hpslulfdo Dqdo|vlv
Lq rxu hpslulfdo dqdo|vlv/ zh hvwlpdwh wkh hhfwv ri yrodwlolw|/ lqhtxdolw|/ dqg wkh
odfn ri ghyhorshg fuhglw pdunhwv rq lqyhvwphqw lq hgxfdwlrq frqwuroolqj iru lqlwldo
shu fdslwd lqfrph/ lqlwldo hgxfdwlrqdo ohyho/ dqg sxeolf h{shqglwxuh1 Edvhg rq wkh
frqvlghudwlrqv dqg fkdqqhov suhvhqwhg lq wkh lqwurgxfwlrq/ zh h{shfw wr rewdlq
wkh iroorzlqj uhvxowv=
 Zkhuh wkh fuhglw pdunhw lv pruh ghyhorshg/ vfkrro hquroophqw zloo eh kljkhu1
 Zkhuh zhdowk +ru lqfrph, lv glvwulexwhg pruh htxdoo|/ vfkrro hquroophqw zloo
eh kljkhu1
 Wkh hhfwv ri yrodwlolw| rq vfkrro hquroophqw duh dpeljxrxv1
Zh uvw suhvhqw wkh vrxufhv ri rxu gdwd1 Lq wkh vxe0vhfwlrq 515/ zh suhvhqw rxu
uhjuhvvlrqv1
8Elugvdoo/ Urvv/ dqg Vderw +4<<8e, frpsduh wkh yluwxrxv flufoh ri kljk hgxfdwlrqdo shuiru0
pdqfh vwlpxodwlqj jurzwk dqg uhgxflqj lqhtxdolw|/ zklfk lq wxuq lqfuhdvhv wkh ghpdqg iru dqg
vxsso| ri hgxfdwlrq/ dv h{shulhqfhg e| wkh Hdvw Dvld frxqwulhv/ wr wkh ylflrxv flufoh lq zklfk d
uhodwlyho| xqhgxfdwhg oderu irufh lq pdq| Odwlq Dphulfdq frxqwulhv frqwulexwhv wr vorzhu jurzwk
dqg kljk lqhtxdolw|/ zklfk lq wxuq ixuwkhu olplwv wkh vxsso| ri dqg ghpdqg iru hgxfdwlrq1
;5141 Wkh gdwd
Zh xvh wkh iroorzlqj yduldeohv lq rxu hpslulfdo dqdo|vlv1 Wkh ghshqghqw ydul0
deoh lv vhfrqgdu| vfkrro hquroophqw +dyhudjh gxulqj wkh shulrg b.f  bb2,d v
d sursruwlrq ri vhfrqgdu| vfkrro0djh srsxodwlrq1 Zh irfxv rq vhfrqgdu| vfkrro
hquroophqw ehfdxvh sulpdu| vfkrrolqj lv frpsxovru| lq prvw frxqwulhv dqg kdv
uhodwlyho| orz rssruwxqlw| frvwv19
Wkh ohyho ri shu fdslwd lqfrph lq bSf lv dq lqlwldo frqglwlrq uh hfwlqj wkh
glhuhqfh lq wkh ohyho ri ghyhorsphqw dfurvv frxqwulhv1: Hgxfdwlrqdo dwwdlqphqw
lq bSf lv dq lqlwldo frqglwlrq wkdw uhsuhvhqwv frxqwu|0vshflf dwwulexwhv ri wkh
hgxfdwlrqdo v|vwhp/ dv zhoo dv d phdvxuh ri wkh hgxfdwlrqdo ohyho ri wkh sduhqwv*
jhqhudwlrq1;
Wkh qdqfldo ghswk yduldeoh/ iroorzlqj Nlqj dqg Ohylqh +bb,/ lv phdvxuhg
dv wkh udwlr ri wkh qdqfldo v|vwhp*v oltxlg oldelolwlhv wr JGS/ dqg uhsuhvhqwv wkh
h{whqw wr zklfk wkh fuhglw pdunhw lv ghyhorshg1 Lw sur{lhv wkh vhyhulw| ri wkh fuhglw
frqvwudlqwv idfhg e| lqglylgxdov lq wkh hfrqrp|1 Lqfrph lqhtxdolw| lv ghqhg dv
wkh udwlr ri wkh lqfrph vkduhv ri wkh wrs txlqwloh wr wkh erwwrp wzr txlqwlohv
9Wkh gdwd rq hquroophqw frph iurp wkh Zruog Edqn*v Zruog Wdeohv1
:Wkhvh gdwd duh iurp Vxpphuv dqg Khvwrq +4<<7,1
;Gdwd iurp Eduur dqg Ohh +4<<6,1
<ri wkh srsxodwlrq1< Hpsor|phqw yrodwlolw| lv ghqhg dv wkh vwdqgdug ghyldwlrq
ri wkh dqqxdo jurzwk udwh ri hpsor|phqw ryhu wkh shulrg b.f0bb2/ dqg lqfrph
yrodwlolw| lv ghqhg dv wkh vwdqgdug ghyldwlrq ri wkh jurzwk udwh ri qrplqdo lqfrph
gh dwhg e| wkh Frqvxphu Sulfh Lqgh{1 Ilvfdo yrodwlolw| lv ghqhg dv wkh vwdqgdug
huuru iurp dq DU+4, surfhvv ri vfdo ghflwv dv d iudfwlrq ri JGS143
Zh xvh wkh sursruwlrq ri sxeolf h{shqglwxuh rq vhfrqgdu| hgxfdwlrq lq JQS
dv wkh yduldeoh uhsuhvhqwlqj wkh sxeolf lqyroyhphqw lq wkh qdqflqj ri vhfrqgdu|
hgxfdwlrq> wkh yduldeoh lv frqvwuxfwhg e| dyhudjlqj wkh gdwd iru wkh |hduv b.f/
bHf dqg bb2/ iru zklfk gdwd lv dydlodeoh144
Vxppdu| vwdwlvwlfv ri doo wkh yduldeohv xvhg duh surylghg /iru wkh hqwluh vdpsoh/
lq wdeoh d dqg uhjlrqdo dyhudjhv lqe1
Wkh sdqho gdwd dqdo|vlv xvhv d vlplodu gdwd vhw/ glylglqj wkh shulrg ri dqdo|vlv
lqwr wkuhh vxe0shulrgv +b.2.H/ b.bHD/ bHSb2,1 Gxh wr wkh xqdydlodelolw|
ri lqfrph gdwd iru pdq| frxqwulhv/ zh xvh JGS jurzwk yrodwlolw| dv d sur{| iru
lqfrph yrodwlolw| iru wkh sdqho dqdo|vlv1 Zh ghqh JGS jurzwk yrodwlolw| dv wkh
<W k hv r x u f hi r uw k h v hg d w dl vw k hZ r u o gE d q n * vVrfldo Lqglfdwruv ri Ghyhorsphqw +4<<7,1
Rwkhu phdvxuhv ri lqfrph lqhtxdolw| lq wkh hduo| 4<:3v vhyhuho| olplw wkh vl}h ri wkh vdpsoh dqg
gr qrw fkdqjh vljqlfdqwo| wkh uhvxowv1
43Wkh ruljlqdo vrxufh iru wkh gdwd rq hpsor|phqw lv wkh LOR vwdwlvwlfdo |hduerrn1 Wkh ruljlqdo
vrxufh ri wkh gdwd iru wkh qrplqdo lqfrph/ FSL/ dqg fvdo ghflwv lv wkh Zruog Edqn*v Zruog
Wdeohv1
44Wkhvh gdwd duh iurp XQHVFR vwdwlvwlfv1
43vwdqgdug ghyldwlrq ri wkh dqqxdo jurzwk udwh ri JGS lq hdfk vxe0shulrg145 Zh
gr qrw xvh hpsor|phqw yrodwlolw| ehfdxvh wkh gdwd duh qrw dydlodeoh iru prvw
frxqwulhv lq wkh wkuhh vxe0shulrgv1
5151 Hvwlpdwlrq dqg uhvxowv
Wkh pdlq uhvxowv ri rxu hpslulfdo dqdo|vlv duh uhsruwhg lq Wdeoh 21I l u v w / z h
glvfxvv wklv vhw ri uhjuhvvlrqv> diwhuzdugv/ zh suhvhqw rwkhu uhjuhvvlrqv wr fkhfn
wkh urexvwqhvv ri rxu uhvxowv wr= wkh ohyho ri lqfrph/ frxqwu|0vshflf hhfwv/ sxeolf
h{shqglwxuh/ dqg glhuhqw phdvxuhv ri yrodwlolw|1
Wkh lqlwldo frqglwlrqv h{suhvvhg e| wkh hgxfdwlrqdo dwwdlqphqw yduldeoh dqg wkh
lqlwldo shu fdslwd lqfrph duh kljko| vljqlfdqw lq h{sodlqlqj vhfrqgdu| hgxfdwlrqdo
hquroophqw/ dqg wrjhwkhu dffrxqw iru pruh wkdq .f shufhqw ri lwv yduldqfh dfurvv
frxqwulhv1 Wkh qdqfldo ghswk yduldeoh/ uhsuhvhqwlqj wkh h{whqw ri dffhvv wr fuhglw/
kdv d vljqlfdqw srvlwlyh hhfw/ dw wkh f shufhqw ohyho/ rq vfkrro hquroophqw1 Wklv
uhvxow lv urexvw wr ydulrxv vshflfdwlrqv ri wkh htxdwlrq dqg iru prvw vshflfdwlrqv/
lw lv vljqlfdqw dovr dw wkh D shufhqw ohyho1
Lqfrph lqhtxdolw|  uhsuhvhqwlqj wkh odfn ri uhvrxufhv wr vhoi0qdqfh hgxfdwlrq
dv zhoo dv lqglfdwlqj wkh olplwdwlrq rq dffhvv wr wkh fuhglw pdunhw  kdv d vljqlfdqw
45Wklv gdwd duh iurp wkh Zruog Edqn*v Zruog Wdeohv1
44qhjdwlyh hhfw zkhq wkh yrodwlolw| yduldeohv duh qrw lqfoxghg1
Wkh wzr yduldeohv uhsuhvhqwlqj yrodwlolw| lq wkh hfrqrp|  hpsor|phqw yrodwlo0
lw| dqg lqfrph yrodwlolw|  kdyh qhjdwlyh hhfwv rq vhfrqgdu| vfkrro hquroophqw
+htxdwlrqv e dqg D lq Wdeoh 2,1 Wkh iruphu lv vwdwlvwlfdoo| vljqlfdqw/ wkh odwwhu
lv qrw1
Wkh fdxvdolw| ehwzhhq ohyho ri hgxfdwlrq dqg yrodwlolw| ri dq hfrqrp| frxog
jr hlwkhu zd|/ ehfdxvh d ohvv hgxfdwhg zrun irufh pd| eh dvvrfldwhg zlwk pruh
yrodwloh dfwlylwlhv/ h1j1/ djulfxowxuh1 Zh fdq uhdvrqdeo| uxoh rxw wklv srvvlelolw|
ehfdxvh lq vxfk d fdvh/ wkh gluhfwlrq ri fdxvdolw| zrxog eh iurp wkh vwrfn ri
hgxfdwlrq ri wkh oderu irufh wr yrodwlolw| udwkhu wkdq iurp wkh  rz ri hgxfdwlrq
ri wkh oderu irufh wr yrodwlolw|1 Wkhuhiruh/ zh xvh vfkrro hquroophqw/ zklfk lv d
 rz yduldeoh/ dv d ghshqghqw yduldeoh> zkloh zh xvh vfkrro dwwdlqphqw/ zklfk lv
wkh vwrfn ri hgxfdwlrq/ dv d frqwuro yduldeoh1
Wkh ohyho ri hgxfdwlrq frxog dhfw wkh ghyhorsphqw ri qdqfldo pdunhwv/
wkurxjk lwv hhfw rq hfrqrplf jurzwk> lq rughu wr fruuhfw iru wklv srvvleoh hq0
grjhqhlw|/ zh udq wkh uhjuhvvlrqv uhsruwhg lq Wdeoh 2c vxevwlwxwlqj wkh qdqfldo
ghswk dw wkh ehjlqqlqj ri wkh shulrg +b.f, iru wkh qdqfldo ghswk yduldeoh1 Wkh
uhvxowv duh txdolwdwlyho| yhu| vlplodu wr wkrvh uhsruwhg lq Wdeoh 21
45Ilqdqfldo ghswk dqg yrodwlolw| yduldeohv frxog kdyh d glhuhqw hhfw/ ghshqglqj
rq wkh ohyho ri lqfrph lq dq hfrqrp|1 Lq rughu wr fkhfn wklv/ zh vsolw rxu vdpsoh
lqwr kljk dqg orz0lqfrph frxqwulhv +zh glylgh wkh vdpsoh lqwr frxqwulhv zlwk
pruh ru ohvv wkdq XV' fff shu fdslwd lqfrph lq b.f/ zklfk ohdyhv derxw wkh
vdph qxpehu ri frxqwulhv lq hdfk fdwhjru|,1 Wkh uhjuhvvlrqv iru hdfk vxejurxs ri
frxqwulhv +Wdeoh , frqup wkdw wkh qdqfldo ghswk yduldeoh uhpdlqv srvlwlyh dqg
vljqlfdqw dw ohdvw dw wkh f shufhqw ohyho lq doo wkh uhjuhvvlrqv iru erwk wkh kljk0
lqfrph dqg orz0lqfrph frxqwulhv1 Hpsor|phqw yrodwlolw| kdv d vljqlfdqw qhjdwlyh
hhfw rq vfkrro hquroophqw lq wkh orz0lqfrph frxqwulhv/ zkloh lw kdv d srvlwlyh dqg
qrq0vljqlfdqw hhfw lq wkh kljk0lqfrph frxqwulhv1 Lqfrph yrodwlolw| kdv d qrq0
vljqlfdqw hhfw lq erwk orz dqg kljk0lqfrph frxqwulhv1 Lqfrph lqhtxdolw| kdv
d vljqlfdqw dqg qhjdwlyh hhfw rqo| lq wkh ulfk frxqwulhv1 Wkhvh uhvxowv vxjjhvw
wkdw lq srru frxqwulhv/ zkhuh xqhpsor|phqw lqvxudqfh lv yluwxdoo| qrq0h{lvwhqw/
hpsor|phqw ehfrphv wkh pdlq lqglfdwru iru wkh delolw| wr xqghuwdnh lqyhvwphqw
lq hgxfdwlrq/ zkloh lq ulfk frxqwulhv/ zkhuh fuhglw pdunhwv duh pruh ghyhorshg/
lqglylgxdov fdq eruurz/ ru gudz rq wkhlu vdylqjv wr qdqfh hgxfdwlrq lq edg
wlphv dqg wkxv vfkrro hquroophqw lv qrw dhfwhg e| wkh yrodwlolwlhv ri lqfrph ru
hpsor|phqw1
Rxu uhvxow frxog eh gulyhq e| frxqwu|0vshflf hhfwv wkdw duh fruuhodwhg zlwk
46wkh yrodwlolw| yduldeohv1 Lq rughu wr fkhfn zkhwkhu rxu uhvxowv duh urexvw wr
frxqwu|0vshflf fkdudfwhulvwlfv/ zh frqvwuxfwhg sdqho gdwd frpsulvlqj 22 frxq0
wulhv zlwk wkuhh revhuydwlrqv iru hdfk frxqwu| +vxeshulrgv b.20.H/ b.b0HD/d q g
bHS0 b2,1 Wkh uhvxowv ri wkh {hg0hhfwv uhjuhvvlrq/ zklfk duh suhvhqwhg lq Wdeoh
e/ frqup wkdw wkh qdqfldo ghswk yduldeoh kdv d vljqlfdqw srvlwlyh hhfw rq
vfkrro hquroophqw/ zkloh JGS yrodwlolw| kdv d vljqlfdqw dqg qhjdwlyh hhfw1
Dq dowhuqdwlyh phwkrg wr ghdo zlwk frxqwu| vshflf hhfwv lv xvlqj uvw gli0
ihuhqfhv1 Xvlqj wklv phwkrg/ zh rewdlq uhvxowv wkdw duh txdolwdwlyho| vlplodu/ exw
zlwk orzhu ohyhov ri vljqlfdqfh1 Wklv lv qrw vxusulvlqj ehfdxvh wkh eldv ri wkh
uvw glhuhqfh hvwlpdwruv grzqzdugv +wrzdug }hur, lv juhdwhu wkdq wkh eldv ri
wkh zlwklq hvwlpdwruv/ lq wkh suhvhqfh ri huuruv lq phdvxuhphqwv +Julolfkhv dqg
Kdxvpdq/ bHS,1
Dv zh glvfxvvhg lq wkh lqwurgxfwlrq/ wkh vwdwh frxog kdyh d vljqlfdqw hhfw
rq vfkrro hquroophqw lq plwljdwlqj wkh hhfwv ri yrodwlolw|1 Zh xvh gdwd rq wkh
vkduh ri sxeolf h{shqglwxuh rq vhfrqgdu| hgxfdwlrq wr JQS dv d sur{| iru wkh
jryhuqphqw hruw lq vhfrqgdu| hgxfdwlrq1 Dv fdq eh vhhq iurp Wdeoh D/ htxdwlrqv
 dqg 2c sxeolf h{shqglwxuh rq hgxfdwlrq kdv d srvlwlyh exw qrw vljqlfdqw hhfw
rq ryhudoo hquroophqw lq vhfrqgdu| hgxfdwlrq1 Wkh rwkhu yduldeohv kdyh vlplodu
frh!flhqwv dv suhylrxvo| uhsruwhg h{fhsw wkdw wkh frh!flhqw ri lqfrph yrodwlolw|
47lv qrw vljqlfdqw1 Sxeolf h{shqglwxuh lq hgxfdwlrq ghshqgv rq lqfrph shu fdslwd
exw lv qrw fruuhodwhg zlwk lqfrph ru hpsor|phqw yrodwlolw| +vhh Iljxuh 2,> wklv
frqupv wkdw yrodwlolw| kdv dq dpeljxrxv hhfw rq wkh vxsso| dqg ghpdqg iru
sxeolf h{shqglwxuh rq hgxfdwlrq1 Krzhyhu/ sxeolf h{shqglwxuh lq hgxfdwlrq pd|
qrw eh dq h{rjhqrxv yduldeoh/ vr zh uh0uxq wkh vdph uhjuhvvlrqv lqvwuxphqwlqj
sxeolf h{shqglwxuh rq vhfrqgdu| hgxfdwlrq zlwk wkh rwkhu yduldeohv lqfoxglqj vfdo
yrodwlolw|> wkh uhvxowv duh uhsruwhg lq Wdeoh D/ htxdwlrqv  dqg e146 Wkh pdjqlwxgh
ri wkh frh!flhqw rq sxeolf lqyhvwphqw lv xqvwdeoh dqg lv dozd|v srvlwlyh zlwk wkh
h{fhswlrq ri htxdwlrq e147 Wkh rwkhu frh!flhqwv duh txdolwdwlyho| vlplodu wr wkrvh
lq wdeoh 21
Wr looxvwudwh wkh rughu ri pdjqlwxgh ri wkh hhfwv ri wkh yduldeohv xvhg lq rxu
uhjuhvvlrq dqdo|vlv rq vfkrro hquroophqw/ zh frpsduhg wkh uhjlrqdo dyhudjhv ri vhf0
rqgdu| vfkrro hquroophqwv ehwzhhq Odwlq Dphulfd dqg wkh Lqgxvwuldo frxqwulhv1
Odwlq Dphulfd kdv ehhq nqrzq wr eh vxemhfw wr sduwlfxoduo| odujh h{whuqdo dqg lq0
whuqdo vkrfnv/ zklfk fdxvh frqvlghudeoh  xfwxdwlrq lq lqfrph> rq wkh rwkhu kdqg/
lw lv dovr nqrzq iru dq hgxfdwlrqdo v|vwhp zklfk lv qrw yhu| h!flhqw hyhq wkrxjk lw
46Iru wkh h{dfw ghqlwlrq ri wkhvh wzr lqvwuxphqwv dqg wkh gdwd vrxufh/ vhh wkh uhjuhvvlrq
wdeoh1
47Wkh vljqlfdqfh ri wkh frh!flhqw ri sxeolf h{shqglwxuh rq hgxfdwlrq lv vhqvlwlyh wr wkh
lqfoxvlrq ri wkh JGS shu fdslwd yduldeoh/ zlwk zklfk lw lv kljko| fruuhodwhg1 Zkhq wkh odwwhu lv
h{foxghg/ wkh iruphu wxuqv vljqlfdqw1
48devruev d juhdw ghdo ri uhvrxufhv1 Wkxv/ zh frpsduh wkh uhjlrqdo dyhudjhv ri vhf0
rqgdu| vfkrro hquroophqwv ehwzhhq wkh Odwlq Dphulfdq dqg lqgxvwuldo frxqwulhv1
Wkh glhuhqfh lq wkh hquroophqw udwhv ehwzhhq wkh wzr uhjlrqv eH shufhqwdjh
srlqwv  lv eurnhq grzq dffruglqj wr wkh frqwulexwlrq ri hdfk ri wkh idfwruv h{0
sodlqlqj hquroophqw +wkh uhvxowv duh vxppdul}hg lq Wdeoh S,1 Diwhu frqwuroolqj iru
wkh lqlwldo frqglwlrqv lq bSf +shu fdslwd lqfrph dqg wkdw ri wkh hgxfdwlrqdo ohyho
ri wkh srsxodwlrq,/ wkh wkuhh yduldeohv zh irfxv rq lq rxu dqdo|vlv  fuhglw pdunhw
lpshuihfwlrq/ lqfrph lqhtxdolw|/ dqg yrodwlolw|  wrjhwkhu dffrxqw iru eD shufhqw
ri wkh glhuhqfh lq hquroophqw udwhv/ ru 2e shufhqwdjh srlqwv1
5161 Frqfoxglqj uhpdunv
Wkh pdlq uhvxowv ri rxu hpslulfdo dqdo|vlv duh wkdw zkhuh wkh fuhglw pdunhw lv
pruh ghyhorshg/ vfkrro hquroophqw lv kljkhu/ zkhuh zhdowk +ru lqfrph, lv glvwule0
xwhg pruh htxdoo|/ vfkrro hquroophqw lv kljkhu dqg zkhuh pdfurhfrqrplf yrodwlo0
lw| lv vwurqjhu vfkrro hquroophqw lv orzhu1 Rxu uhvxowv duh urexvw wr dowhuqdwlyh
vshflfdwlrqv ri yrodwlolw|/ dqg wkh| krog zkhq zh frqwuro iru wkh uroh ri wkh jry0
huqphqw1 Wkh hhfw ri ghyhorsphqw ri wkh fuhglw pdunhwv/ lqfrph glvwulexwlrq
dqg pdfurhfrqrplf yrodwlolw| lv vxevwdqwldo= iru h{dpsoh/ wkhvh wkuhh idfwruv wr0
jhwkhu dffrxqw iru vrph eD shufhqw ri wkh glhuhqfh lq wkh vfkrro hquroophqw udwh
49ehwzhhq Odwlq Dphulfd dqg wkh lqgxvwuldo frxqwulhv1
Wkh fkdqqhov wkurxjk zklfk dq xqhtxdo lqfrph glvwulexwlrq dqg wkh odfn ri
fuhglwv pdunhwv ohdg wr orzhu vfkrro hquroophqw lv txlwh fohdu1 Ixuwkhu uhvhdufk
vkrxog frqfhqwudwh rq wkh uhdvrqv zk| lqfrph yrodwlolw| ohdgv wr orzhu vfkrro
hquroophqw1 Rqh srvvleoh h{sodqdwlrq lv wkdw wkhuh lv d fulwlfdo wlph wr jhw hgxfdwhg
vr hgxfdwlrq rssruwxqlwlhv orvw gxulqj edg wlphv duh qrw ixoo| pdgh xs gxulqj jrrg
wlphv1 Dq dowhuqdwlyh h{sodqdwlrq lv wkdw orzhu yrodwlolw| udlvhv dyhudjh zhdowk/
zklfk udlvhv lqyhvwphqw lq hgxfdwlrq1
Ixwxuh uhvhdufk rq wkh olqnv ehwzhhq pdfurhfrqrplf yrodwlolw| dqg jurzwk
vkrxog h{solflwo| frqvlghu wkh hhfw ri yrodwlolw| rq wkh irupdwlrq ri kxpdq fdslwdo1
Iurp d srolf| shuvshfwlyh/ srolf| pdnhuv vkrxog frqvlghu uhirupv ri wkh fdslwdo
pdunhwv wkdw idflolwdwh wkh qdqflqj ri lqyhvwphqwv lq kxpdq fdslwdo1
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